We study the influence of a charged-Higgs on the excess of branching fraction ratio,
I. INTRODUCTION
The exclusive semileptonicB → D ( * ) τν τ decay has drawn a lot of attention since the BaBar collaboration reported evidence for an excess in the ratio of branching ratios (BRs) [1, 2] , which is defined as:
Intriguingly, a similar excess was also reported by Belle [3] [4] [5] and LHCb [6] . The averaged results from the heavy flavor averaging group (HFAG) now are given as [7] :
R D = 0.403 ± 0.04 ± 0.024 , R D * = 0.310 ± 0.015 ± 0.008 ,
where the standard model (SM) predictions are: R SM D ≈ 0.300 [8, 9] and R SM D * ≈ 0.252 [10] . Inspired by the unexpected measurements, many implications and speculations were studied in the literature .
In addition to the branching fraction ratio, Belle recently showed the measurement of τ polarization in theB → D * τν τ decay as: 
where Γ ± D * denotes the partial decay rate with a τ -lepton helicity of h = ±, and the SM result is P τ D * ≈ −0.500. Although the errors in the current observation are still large, any significant deviations from the SM results can indicate the new physics [18, 62] . Based on the current experimental indications and from a phenomenological viewpoint, we investigate the impacts of a charged-Higgs on the semileptonic B decays in a generic two-Higgs-doublet model (THDM) [12, 59, 60] .
Without imposing extra global symmetry, it is known that the flavor-changing neutral currents (FCNCs) in the THDM can be induced at the tree level. The related couplings can be severely constrained by ∆F = 2 processes, such as K −K, B q −B q (q=d,s), and D −D mixings. However, these constraints occur in down-type quarks and the first two generations of up-type quarks. The top-quark-involving effects may not have serious bounds. Thus, with the constraints from the Higgs precision measurements, the BR for the t → ch process can be of the order of 10 −4 − 10 −3 [61] . It was found that the same FCNC coupling in the quark sector can help to resolve R D and R D * excesses by the charged-Higgs mediation [12, 59] .
In addition, the tree-level FCNCs in the lepton sector not only can resolve the muon g − 2
anomaly, but also can provide a large BR to the lepton-flavor violating process, such as h → τ µ, for which the details can be seen in our previous work [60] .
In this study, we revisit the charged-Higgs Yukawa couplings to theB → (D, D * )τ ν τ processes in the generic THDM. In order to naturally suppress the FCNCs at the tree level, we adopt the so-called Cheng-Sher ansatz [63] in the quark and lepton sectors, where the Yukawa couplings are formulated by Y ij ∝ √ m i m j /v. For the semileponic B decays, the main uncertainty is from the hadronicB → D ( * ) transition form factors. In order to restrain the influence of hadronic effects, we take the values of form factors so that the BRs forB → D ( * ) ℓν ℓ (ℓ = e, µ) can fit the experimental data within 2σ errors. Although the charged-Higgs also contributes to the light lepton channels, due to the suppression of m ℓ /v, its effects are small to theB → D ( * ) ℓν ℓ decays. It is found that we need at least two new parameters to explain the R D and R D * excesses; one is from quark sector, and the other is from the lepton sector. The conclusion is different from that shown in [12] , in which only one parameter was requested to explain the excesses. However, when the upper limit of BR(B c → τν τ ) < 30% obtained in [52, 53] is taken into account, the allowed parameter space is strictly constrained. It will be seen that R D can be significantly enhanced while the change of R D * is minor and can be only up to around 0.27.
In addition to the ratios of branching fractions, we also investigate the influence of the charged-Higgs on the lepton-helicity asymmetries, and lepton forward-backward asymmetries (FBAs). We find that τ polarizations in theB → (D, D * )τν τ decays are sensitive to the charged-Higgs effects. For the FBA, theB → D * τν τ process is more sensitive to the charged-Higgs effects.
The paper is organized as follows. In Sec. II, we briefly introduce the charged Higgs Yukawa couplings to the quarks and leptons in the generic THDM. We formulate the decay amplitudes with the lepton helicity states, the differential branching ratios, the lepton polarizations, and the lepton FBAs forB → (D, D * )ℓν ℓ in Sec. III. The numerical estimations and discussions are given in Sec. IV. A summary is shown in Sec. V.
II. CHARGED-HIGGS YUKAWA COUPLINGS IN THE THDM
To obtain the scalar couplings to the quarks and leptons in the model, the Yukawa sector is written as [60, 68] :
Accordingly, the charged Higgs Yukawa couplings to fermions can be found as [60] :
where V denotes the Cabibbo-Kobayashi-Maskawa (CKM), and X f is defined as:
From Eq. (8), it can be seen that X 
If we assume that X u is a diagonal matrix, it can be clearly seen that
With the Cheng-Sher ansatz, the charged Higgs Yukawa couplings are then suppressed by m c /v. Due to the fact that there is no significant tan β enhancement, the contribution is expected to be small. However, if X u ij with i = j are allowed, (V † X u ) bc can be simplified as:
where we have taken |V ub | < |V cb | ≪ V tb ≈ 1 and the Cheng-Sher relation. With the approximation √ m t m c /v ∼ V cb , it can be seen that χ 
III. PHENOMENOLOGICAL FORMULATIONS
Combing the SM and H ± contributions, the effective Hamiltonian for b → cℓν ℓ is written as:
where 
It can be seen that without χ 
where
and ǫ · ǫ * = −1. Using equations of motion i / ∂b = m b b andci / ∂ = −m cc , we obtain the relationships as:
where m b,c (µ) are the current quark masses at the µ scale. According to the interactions in Eq. (11), the decay amplitudes forB → (D, D * )ℓν ℓ are then shown as:
where we have suppressed the q 2 -dependence in the form factors, and A In order to derive the differential decay rate with a specific lepton helicity, we set the coordinates of various kinematic variables in the rest frame of ℓν invariant mass as:
where θ ℓ is the polar angle of a neutrino with respect to the moving direction of M meson in the q 2 rest frame, and the components of p ℓ can be obtained from p ν by using π − θ ℓ and φ + π instead of θ ℓ and φ. Since the SM neutrino is left-handed, if we neglect its small mass, its helicity can be fixed to be negative; therefore, we focus on the helicity amplitudes of a charged lepton. Accordingly, the charged lepton helicity amplitudes for theB → Dℓν ℓ decay can be derived as:
It can be seen that the formulae of A 
Since the scalar charged Higgs cannot affect the transverse parts, the A Including the three-body phase space, the differential decay rates with lepton helicity and D * polarization as a function of q 2 and cos θ ℓ can be obtained as:
The differential decay rates, which integrate out the polar θ ℓ angle, are shown in the appendix. In addition to the branching fraction ratios R D and R D * , based on Eq. (28), we can also study the lepton helicity asymmetry [13, 18, 62] (see also Refs. [64, 65] ) and the FBA [66, 67] . Helicity asymmetry can be defined as
Eqs. (51) and (53), the lepton helicity asymmetries forB → (D, D * )ℓν ℓ with charged Higgs effects can be found as:
The lepton FBA can be defined as:
where z = cos θ ℓ , and Γ M denotes the total partial decay rate for theB → Mℓν ℓ decay.
Accordingly, the FBAs mediated by the charged Higgs and W -boson inB → (D, D * )ℓν ℓ are obtained as: F B does not vanish in the chiral limit, it can be sizable in a light charged lepton mode. Basically, the observations of the tau polarization and FBA rely on tau-lepton reconstruction, where the kinematic information is from its decay products; however, since the final state in a tau decay at least involves one invisible neutrino, it is experimentally challenging to measure the polarization and FBA. Instead of τ reconstruction, an approach using the kinematics of visible particles in τ decays is recently proposed by the authors in [69] , where the tau polarization and FBA can be extracted from an angular asymmetry of visible particles in a tau decay. Accordingly, it is shown that the τ → πν τ decay is the most sensitive channel.
Based on this new approach, a statistical precision of 10% can be achieved at Belle II with an integrated luminosity of 50 ab −1 . The detailed analysis can be found in [69] .
IV. NUMERICAL ANALYSIS AND DISCUSSIONS
A. Roles of the χ ℓ τ τ and χ u ct parameters
Before presenting the detailed numerical analysis, we first discuss the influence of χ Therefore, to simultaneously enhance R D and R D * through the mediation of the charged- 
where the experimental data are BR exp (B − → Dℓν ℓ ) = (2.27 ± 0.11)% and BR exp (B − → D * ℓν ℓ ) = (5.69±0.19)% [73] . For comparison, we also show the results using the form factors calculated in the framework of relativistic quark models (RQM) [72] . Using the same values of V cb and form factors, the BRs for B − → (D, D * )τ ν τ in the SM can be straightforwardly calculated as: 
The obtained values of R D,D * are close to those values shown in [8] [9] [10] . We will use the form factors to estimate the τ polarizations and FBAs.
In order to present the charged-Higgs influence on the ratios R D,D * , we adopt the formulas parametrized as [10] :
Accordingly, we show the contours for R D and R D * as a function of χ ℓ τ τ and χ u ct in Fig. 1 (a) and of tan β and χ u ct in Fig. 1(b) , where we fix tan β = 40 and χ ℓ τ τ = 4 in the plots, respectively, and m H ± = 400 GeV in both plots is used. For clarity, we use two limits, Fig. 1(a) , it can be seen that by properly adjusting both χ u ct and χ ℓ τ τ , the R D and R D * excesses can be explained together. In addition to the B − → D ( * ) τν τ decay, the effective Hamiltonian in Eq. (11) also contributes to the B c → τν τ process [52, 53] , where the allowed upper limit, which is obtained from the difference between the SM prediction and the experimental measurement in B c meson lifetime, is BR(B − c → τν τ ) < 30% [53] . We express the BR for B c → τν τ as [53] : 
The contours forĀ Fig. 4(a) , whereas the contours with χ ℓ τ τ = 4 as a function of χ u ct and tan β are given in Fig. 4(b) . From the plots, it can be seen thatĀ We studied the charged-Higgs H ± effects on theB → (D, D * )ℓν ℓ decays in a generic twoHiggs-doublet model. In order to parametrize the new H ± Yukawa couplings to the quarks and leptons, we employ the Cheng-Sher ansatz. Accordingly, the third-generation b-quark and τ -lepton related processes are dominant and can then be enhanced using a scheme with large tan β. Based on this study, it can be seen that two parameters ( χ calculated, and it was found that they are sensitive to the H ± effects. The integrated τ -lepton forward-backward asymmetries were studied. We found that the asymmetry of B → D * τν τ is more sensitive to the H ± effects. Although the sign ofĀ D * ,τ F B can be reversed in some parameter space, when the constraint from B c → τν τ is included, the sign is only positive.
In order to derive the charged lepton helicity amplitudes in theB → Mℓν ℓ decay, we need the specific spinor states of a charged lepton and neutrino in the q 2 rest frame. Let p = (E, p) be the four-momentum of a spin-1/2 particle, the solutions of the Dirac equation for positive and negative energy are expressed as:
where the ± indices in χ are the eigenvalues of σ · p/| p|, and +/− denote the left-/right-handed states, respectively. If the spatial momentum of a particle is taken as p = p(sin θ cos φ, sin θ sin φ, cos θ), the eigenstates of σ · p can be found as:
With the Pauli-Dirac representation of γ-matrices, which are defined as: 
with | P | = √ λ M / q 2 . According to the chosen coordinates in the q 2 rest frame, the leptonic current associated with a specific charged lepton helicity can be derived as follows: for the B → D case, we get:l 
